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Summary: The addition of benzenesulfenyl (or benzeneselenyl) chlorides to propargylic chlorides affords regio- and 
stereospecifically (E)-l,3-dichloro-2-phenylsulfenyl (or phenylselenyl) propenes (2a-c). These new reagents were found 
to react with excellent SN2" selectivity with the highly functionalized copper-zinc reagents RCu(CN)ZnX, affording 
polyfunctional vinylic-thioethers or -selenides of type 3. The acidic hydrolysis of 3 furnishes symmetrical ketones in good 
yields. 
Many functionalized allylic compounds have proven to be versatile reagents for organic synthesis. 1 1,3-Dihalopropenes are 
potentially interesting multicoupling 2 reagents, since two successive SN2' substitutions would allow a 
1,3-bis-functionalization of the allylic system. Unfortunately a comprehensive literature search shows that 
1,3-dihalopropenes usually/undergo only SN2 substitutions leading to terminal vinylic halides which are unreactive towards 
further substitution. 3 We have found during a general study on the reactivity of the functionalized copper-zinc 
organometaUics RCu(CN)ZnX 4 1 that these copper derivatives 5 react with a high SN2' selectivity (> 98%) with various 
1,3-dichloropropenes 2 to afford functionalized olefins of type 36 (see Scheme I and Table I). Typically the 1,3-dichloro- 
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propene (1.0 equiv.) was added at -78 °C to a THF solution of RCu(CN)ZnX (2.5 equiv.). The reaction mixture was 
warmed to 25 °C (to -10 °C in the case of benzyhc copper-zinc reagents). The monitoring of the reaction (GLC analysis) 
indicates its completion after 3-22 h (see Table I). Besides the desired 1,3-disubstituted allylic products 
R~CH=C(Y)~CH2-R 3, less than 3% of 1,1-disubstituted allylic derivatives of type 5 (R2CH-C(Y)=CH 2) was detected 
in the crude reaction mixture. In strong contrast, the use of 1,3-dibromopropene leads to the formation of appreciable 
amounts of compounds 5 (6-30%). This behaviour may be explained by the easy isomerization of the intermediate allylic 
bromide (compare with 4; Scheme I) rather than by a low regioselectivity of the reaction of RCu(CN)ZnX with allylic 
bromides. The 1,3-dichloro allylic compounds 2a-c were prepared 6 by the addition of benzenesulfenyl chloride 7 or 
benzeneselenyl chloride 8 to propargylic chlorides 9 in a mixture of dichlommethane and acetonitrile (3-10 h; 25 °C)6. These 
additions are regio- and stereospecific, affording only the (E)-isomers in high yields (76-90%); see Scheme 11. 
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As shown in Table I, a variety of functionalized zinc-copper reagents RCu(CN)ZnX containing ester-, nitrile- or 
phosphonate groups react in high yields. The reaction can be extended to the more reactive and thermally less stable 
benzylic and heterocyclic copper-zinc reagents by performing the coupling reactions between -20 °C and -10 °C (see entries 
7,8,11,14, and 15). The alkenyl thio- and seleno-ethers produced have predominantly the (Z) configuration, whereas 
mainly (E)-olefins result from the addition of RCu(CN)ZnX to 1,3-dichloropropene. 10 Remarkably, benzylic and 
heterobenzylic copper-zinc reagents afford almost exclusively one double bond isomer (see entries 7,8,11,14 and 15). 
Several of the functionalized vinylic thioethers and selenides can be converted under various reaction conditions 11 to 
ketones by using formic or ~ifluoroacetic acid as solvent. A mixture of iodoacetic and formic acid was found especially 
efficient for the hydrolysis of the selenium derivative 3j to the ketone 6b (see Scheme 111). The new allylic 1,3-dichlorides 
2a .2c  belong to a new class of useful a2/a 2' multicoupling reagents2,12 allowing a highly regioselective 
1,3-difunctionalization of allylic systems. Extensions of this methodology are currently underway in our laboratories. 
S c h e m e  I I I  
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EtO2C(CHz)3 ~ (CHz)3CO2Et 
R 
3i: R = Me; X = SPh 
3j: R=H; X=SePh 
Method A-D 
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6a: R = Me; Method A: 68% 
6b: R = H; Method B: 76% 
Method C: 71% 
Method D: 94% 
Reaction conditions: Method A: CF3CO2H, 25 °C, 6 days; Method B: HCO2H/CH2C12, Hg(OAc)2 (1 eq.), 25 °C, 
4 days; Method C: CF3CO2H, 25 °C, 24 h; Method D: HCO2H/ICH2CO2H, 25 °C, 1 h. 
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Table I. Products of Type 3 Obtained by the Reaction of the 1,3-Dichloropropenes 2a-d with the Copper-Zinc Reagents 
RCu(CN)ZnX. 
Entry RCu(CN)ZnX 1,3-dichloro- Reaction Product of EIZ Yield 
derivative Conditions Type 3 ratio (%)a 
(temp (°C)/time (h)) 
SPh 
1 EtO2C-(CH2)3-Cu(CN)ZnI el 2a (25/18) 
2 c-HexCu(CN)ZnI 2a (25/22) 
3 BuCu(CN)ZnI 2a (25/14) 
4 NC(CH2)3Cu(CN)ZnI 2a (25/15) 
5 AcO(CH2)6Cu(CN)ZnI 2a (25/15) 
6 (EtO)2P(O)CH2CH2Cu(CN)ZnBr 2a (25/ 3) 
7 PhCH2Cu(CN)ZnBr 2a (-10/20) 
8 ~----~ "Cu(CN)ZnBr 2a (- 10/1 6) 
\ s  SPh 
9 EtO2C(CH2)3Cu(CN)ZnI (25/12) 
CI Me 2b 
10 EtO2C(CH2)3Cu(CN)ZnI 
SePh 
~ . . , , C I  (25/ 7) 
CI 2¢ 
SPh 
R . ~ R  
3a: R = (CH2)3CO2Et 21/79 88 
3b: R = c-Hex 44/56 88 
3c: R = Bu 40/60 89 
3d: R = (CH2)3CN 8/92 85 
3e: R = (CH2)6OAc 45/55 76 
3f: R =(CH2)2P(O)(OEt)2 8/92 90 
3g: R = CH2Ph 0/100 78 
H2C~...~ 
3h: R= ff \ \  0/100 79 
SPh '~S / 
R . , . ~ / z R  k ..~ 11/89 89 
3i: R = (CHz)3CO2Et 
SePh 
R ~ R  20/80 89 
3j: R = (CH2)3CO2F_,t 
11 PhCH2Cu(CN)ZnBr 2c (-20/14) 3k: R = CH2Ph 3/97 94 
CI~CI 
12 NC(CH2)3Cu(CN)ZnI H 2d (25 /14)  R ~ R  31: R = (CH2)3CN 87/13 88 
13 AcO(CH2)6Cu(CN)ZnI 2d (25/14) 3m: R = (CH2)6OAc 70/30 80 
14 PhCH2Cu(CN)ZnBr 2d (-10/16) 3n: R = CH2Ph 100/0 94 
15 f f - ~  -Cu(CN)ZnBr 2d (-10/15) 3o:R-- ~ 100/0 84 
\ s - - V  CH f " s "  
a All yields refer to isolated yields of analytically pure products. Satisfactory spectral data (IR, 1H and 13C NMR, 
mass spectra and high resolution mass spectra) were obtained for all new compounds. 
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